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Abstract 



We obtain analytic formulae for the cross section of the sequential processes of 
e + e~ — > ti and t — > bl + u / t — > bl~u in the laboratory frame, where the dependence 
on triple product correlations of the type (qi x q 2 • q^), induced by CP violation 
both in the production and the decay are explicitely shown. Different observables 
sensitive to CP violation are defined and calculated in the Minimal Supersymmetric 
Standard Model (MSSM). The observables sensitive to CP violation are of the order 
of 10~ 3 . The dependence on the masses of the supersymmetric particles is also 
shown. 



1. Introduction 



Precision measurements of various production and decay modes of the top quark 
are expected to provide also information about physics beyond the Standard Model 
(SM). Testing new physics in observables which are sensitive to CP violation seems 
especially promising. As the top quark does not mix with other generations, the 
GIM mechanism of unitarity constraints leads to negligibly small effects of CP 
violation in the SM. Thus, observation of CP noninvariance in top-quark physics 
would definitely be a signal for physics beyond the SM jj], |], ||, f|, ||. 

Here we shall consider CP violation induced by supersymmetry (SUSY). In the 
Minimal Supersymmetric Standard Model (MSSM) ||, there are more possibilities 
to introduce complex couplings than in the SM. Even without generation mixing, 
nonzero complex phases can occur in the Lagrangian that cannot be rotated away 
by a suitable redifinition of the fields. They give rise to CP violation within a single 
generation, free of the unitarity supression of the GIM mechanism. 

In top-quark production and decay CP violation is due to radiative corrections. 
The magnitude is determined by the ratio of the masses of the top quark and 
the SUSY particles in the loop. Having in mind the large top-quark mass, m t = 
175GeV 0, we may expect that the CP-violating effects are only moderately 
suppressed. Thus, testing SUSY through CP-violating observables in top-quark 
physics is a promising task for future colliders. 

Here, as possible evidence of CP violation we consider T-odd triple product 
correlations of the type 

(qiq2qs) = (qi x q2 • qs) (l) 

where qi,2,3 can be any one of the 3-momenta in e + e~ — > ti or of the t (t)- decay 
products t — ► bl + v (i — > bl~v). This method has been proposed in [[I], [| for a general 
study of CP violation in ti production in e + e~ annihilation and in pp collisions. 
The correlations (1) are called T-odd as they change sign under a flip of the 3- 
momenta involved. However, this does neither imply time-reversal noninvariance 
nor CP violation if CPT is assumed. When loop corrections are included, T-odd 
correlations can arise either from absorptive parts in the amplitude (so-called final 
state interactions ||), or from CP violation. The former effect is a consequence 
of the unitarity of the S'-matrix, and it can be eliminated either by taking the 
difference between the process we are interested in and its CP conjugate or 



1 



by direct estimates. T-odd correlations in the SM due to gluon or Higgs boson 
exchange in the final states have recently been considered in [[L(| . 

Note that in collider experiments top-antitop quark pairs will be copiously pro- 
duced and the decay modes t — > bl + u and t — > bl~v will occur simultaneously. 
Therefore, it will be possible to form the difference between the two conjugate 
processes in the same experiment. 

The appearance of triple product correlations of the type (1) can also be ex- 
plained by the fact that the top-quark polarization has non-vanishing transverse 
components both in the production plane and perpendicular to it. Because of the 
large mass of the top quark the produced t and i can be regarded as free quarks 
with definite momenta and polarizations that are not affected by hadronization. 
Thus their polarization state can be infered from the distribution of their decay 
products. 

In the ti production process 

e + (qi)+e-( qi )^t( Pt )+i(p { ), (2) 

a T-odd correlation in the c.m.system is (£qiPt) 0, where £ is the top-quark 
polarization vector. Evidently, this correlation is different from zero only if £ has a 
component normal to the production plane. 
In the semileptonic t and i decays: 

t^b{p b )l + {p l+ )v{p v ) (3) 
i^Hp- b )r( Pl -)v(p p ) (4) 

a triple product correlation in the rest frame of the top quark is (£pbPi+) [[§• Here 
it is the polarization of the top quark normal to the decay plane that contributes. 
In the production as well as in the decay we shall only consider correlations due to 
CP violation. 

As the polarization of the top quark is not a directly observable quantity, we 
obtain information about the above spin-momenta correlations by triple product 
correlations of type (HD among the 3-momenta of the particles in the sequential 
processes: 

e + + e~ ^t + i ^ibl + v (5) 
e + + e~ ^t + i -^tbl'v. (6) 
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In this paper we shall calculate the contribution to different triple product cor- 
relations of type (P due to CP violation in @) and in (||) or ([|). We shall obtain 
analytic expressions for the sequential reactions (|5]) and (^J) in which the triple prod- 
uct correlations ([l]), sensitive to CP violation in the production and in the decay, 
explicitely appear. The problem of distinguishing CP violation in ti production 
and t decay was considered previously in [|I|] . We shall use the triple product 
correlations to investigate CP violation induced by SUSY. However, our method is 
completely general and can also be applied to study other sources of CP violation. 

In section 2 we obtain general expressions of processes (|5|) and (|6]) using the 
formalism developed in |^TJ. We write them in a form in which CP-violation 
manifests itself in triple product correlations. In section 3 we obtain the expressions 
for the polarization vectors of the top and antitop quarks, when the electric and 
weak dipole-moment couplings are taken into account. Formulae for the cross 
section of @ and (|6|) in the c.m.system with the explicit dependence on the triple 
products of type (|IJ) are given in section 4. In section 5 we formulate the CP - 
violating observables. In section 6 we obtain numerical results for these effects in 
the MSSM. 



2. The Cross Section 

Here we obtain analytic expression for the cross section of the sequential processes 
(^D and in terms of the top/antitop polarization vectors. CP violation in both 
the production and the t(f)-decay processes are taken into account. 
We write the amplitudes of (|5|) and (^) in the form: 

a 

n a[3 I Pw Pw 



2\/2 v Vw~ ™\v + irn w T w 

xu(p b )V^ - 2 *±Zg A^ui-pt) . (7) 
1 pi — mf + im t i t 

Here A f,t enters the amplitude M for the production process (0) which we write 
in the two equivalent forms: 

M = uip^A'ui-pt) = u c (pi)A l u c (-p t ) . (8) 

A 1 and A 1 are given by s-channel 7 and Z° exchange, 

A* = i-u{- qT ) la u{ qi ){yt; l r 

s ' 
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-i— ^4 u{-qi) la (c v + c A75 ) u{ qi ){VfT, (9) 
s — m z 

where cy = — 1/2 + 2 sin 2 9w , ca = 1/2 are the SM couplings of Z° to the electron, 
and a/s is the total cm. energy. The quantities (V*' ) describe the ttq and ttZ° 
vertices: 

2 <i 7 
' 3 m t 

d z 

(V/) a = 7 a (flV ± #A75) =F ^75, (10) 

m t 

with V = pt — Pi- gv — 1/2 — 4/3 sin 2 #ty and qa = —1/2 in eq. (10) are the SM 
top-quark couplings to the Z°, d 1 and d z are the electric and weak dipole moments 
of the t-quark, which in the limit of vanishing electron mass present the whole effect 
of CP violation. They can be induced only by CP- violating interaction and have 
in general both real and imaginary parts. 

The £(f)-decays (J3|), @) are treated as a sequence of the two-body decays t — > 
bW + (p w ) and W + -> 1+ u, (t -> bW~(p w ) and W~ -> Z~z/ ). We write the tfelf 
and tfeiy vertices in the form: 

VI = Af7«(l-75)+/l7 a (l-75) + ^ L ^(l + 7 5 )), (11) 
^ = ^= ^7a(l + 7s) + /I*7«(1 + 75) + ^1(1-75) (12) 

with g the weak coupling constant and P l = p t + pb, P t = Pt + Pi- I n ec L s - dO) 
and ( |i~2"|) we have kept only the terms that do not vanish in the approximation 
m.;, = 0. The form factors /£' and g^* get contributions both from the CP-invariant 
absorptive parts of the amplitudes and from CP-violating interactions, and can 
have real and imaginary parts. Furthermore, CPT is assumed. Neglecting the 
absorptive parts we then have |1|: 

f t L ={fiy = fL 1 9r=(AY = 9r (13) 
and CP invariance implies 

h = fh 9r = 9*r (14) 
For the IV/^-vertices we take the SM tree level expressions. 
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The amplitude for process (||) is obtained from (]?]) when also the spinors 
u(p u ), u(-pi+), u(p b ) and u(-pt) are replaced by u c (p p ), u c (-pi-), u c (p- h ) and 
u c {— Pt), respectively, which describe the charge conjugate particles. 

In order to obtain the general expression for the cross sections of (||) and (§) we 
use the formalism developed in ||11||. 



In the narrow width approximation for the top and the W (T t <C m t , T\y <C mw 
) we obtain the cross section of reaction (|5|) in the form: 

da = da e + e - ■ dT^ ^ • dF^ Pw ° . (15) 

m t L t mwi- w 

Here da e + e - is the differential cross section for ti production (|^) in the c.m.s., 
dTf is the decay rate for t — > bW, with the polarization state of the top quark 
determined in the production process e + e~ — > ti, and dF^ is the partial decay rate 
of W — > lu, with the polarization state of the W determined in the preceding t 
decay. dF^ and dF^ are the decay distributions in the c.m.s. of the initial e + e~. As 
mtT t /pt (mw^w/pwo) is the total decay width of t (W) in a frame in which the 
momentum of the top (W) equals p t (pw), dF^ -p^/mtFt (dF^ ■ pw Q /mwFw) is 
the branching ratio of the decay t — > bW (W — > Iv) in the laboratory frame, with 
the polarization of t(W) determined in the preceding process. 

Now we are interested only in triple product correlations in reactions (|5]) and (||) 
induced by CP violation in V % a and/or V Q . First we consider process (|5|). Possible 
triple product correlations are (qiPtPb), (q«P<Pz+), iliPi+Pb), and {ptPi+Pb)- These 
correlations follow from the covariant quantities s{piP2PzPi)-, where Pi can be any 
one of the 4-vectors qi, qj, p t , Pb, Pi+ , when written in the laboratory frame. (The 

symbol e{pip 2 pzPi) means e a p lS Pi P2 Pi Pa witn ^0123 = -1-) 

The top-quark polarization normal to the production plane, which is induced 
by the CP- violating dipole couplings, gives rise to T-odd triple product correlations 
in e + e~ — > ti which are proportional to Smcf [[|. CP-violating triple product 
correlations in the decay t — > bl + v arise from the top polarization transverse to 
the decay plane and are induced by ^smgn in the t&W^-vertex J|. Both types of 
couplings d l and gn are generated by loop corrections. 

We write the polarization 4-vector £* and as the sum 

e' = ^M+&, (i6) 

where is the tree level SM contribution that lies in the production plane, and 
£tv is the component normal to the production plane, which can arise in general 



5 



either from final-state interactions or from CP violating interactions. Neglecting 

^ftegR we obtain the following expression for the cross sections of (g) and @ in 
terms of the top/antitop quark polarization vectors: 

da^=*^a 2 (^\ m 2 ^ d& (17) 

Here a is the finestructure constant and 

At SM = (PtPl+) =F mt(^s mPi+) > ( 18 ) 

Af = Tm t (&pi + ), (19) 

Af R = T2^e^g lPt p l+Pb ) , (20) 

z \ Am 2 

N = (1 + p 2 cos 2 9) F 1 + — ±F 2 + 2pcos9F 3 (21) 

Fx = (J) +h 2 z (c 2 v + c 2 A )(g 2 v + g 2 A )-^h z c v g v 
2\ 2 A 



/2\ 4 

^2 = (g) +/i|(4+4)(^y-^)--/l Z C^V 



F 3 = Ah z c A gA (h z c v gv - ^) (22) 

A l g M is the SM contribution with the first terms describing the contribution 
where the produced top and antitop are unpolarized, while the second one takes 
into account £sjw- 

The terms A 1 / and A l ^ R contain the T-odd CP violating correlations induced 
by ^smd 1 and ^smd z via £jy , and by SsmgR, respectively. (Note that the form factor 
fi of eqs.|ll] and [12] does not appear.) The complete expressions for will be given 
in the next section. The invariant phase space element dT is 

1 7T 

dTt = TT^s 5 ^ 1 + ® ~ Pi+ ~ Vv - Vb - Pi) —S(p 2 -m 2 ) 

(27r) 8 m t T t 

» w .^-^^t^L^^L. (23) 



m w T w 2p i0 2p v0 2p b0 2pt 



Here (3 — y 1 — Am 2 /s is the velocity factor of the t-quark in the cm. system, 9 is 
the angle between the momenta of the initial electron and the t-quark, and 

2 

s g c 

h z = 2 " ~f ' 9z= . OQ , (24) 

s — m| e z sm 29 w 
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In order to obtain the cross section for reaction (y), in the expressions (|T 
0]) and (|23|) the following replacements must be made: 

Pt -> Pi, Pb -> Pi, Pi+ -> Pi-, Pu^Pp- (25) 



3. The top— quark polarization vector 

First we calculate the polarization vector of the top quark. It is determined in 
the production process, and it is given by the expression [11|: 

£ = (gap - Pj ^) ■ Tr (A\-A(- Pl ))AtA(p t ) 7 e l5 ) 



X 



{Tr[A'(-A(-p t -))^A(p t )]} _1 . (26) 



£ can be decomposed along three vectors which are independent and orthogonal 
to p t : two of them, Qi and Qj 

r> VSli ~ PtQi 

Ql = Ql 2 ' Pt Qi = Qi 2 ' Pt ( 27 ) 

are in the production plane, and the third, £ a ^ & Pt0iy<li$, is normal to it. We then 
have: 

(e SM r = p[(QiT + pkqtY (dr = w^- (28 ) 

We neglect contributions of QmcP and ^smd z to P* and P^ as they are much 
smaller than the SM contributions. Together with eqs. (|9|) and (|10D, up to first 
order in Qmd 1 and ^smd z , eq. ( p6|) implies the following expressions for the three 
components of the polarization vector as defined above: 

P* = — -{(l-/3cos0) Gi + (l+/?cos0) G 2 
s 

-(3-/3cos0) G 3 }/iV, (29) 

2/7? , 

P/ = -{(l + /3cos#) Gi + (1-/3 cos 0) G 2 

+ (3 + /3cos#) G 3 }/iV, (30) 
D* = — {Pi + /3cos#P 2 }/iV. (31) 



Here 



d = 2h 2 z cvc A i K gy + g 2 A )--hzc A gv, (32) 
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G 2 = 2h% c v c A (g v - g 2 A ) - \h z c A gv , (33) 



3 

G 3 = 2h 2 z (cy + c\) g v g A - - h z c v g A , (34) 

D, = 2ft| c v c A g v 3 m <i z - h z c A ( 9 ,9m i> + §9™ , (35) 
D 2 = /i| (c^ + c^) g A d z — /i^ cvg A ^rn oP (36) 

As can be seen from eqs. (|28|) , (|3T|) , (36) , (37) , Qmd 1 and ^smd z enter only in the 
polarization component transverse to the production plane. 

In an analogous way we write the polarization vector £g M of the antitop quark 

as 

(4v/) a = PfQi + FfQf, (&)° = D*e^ s Pm7 q u , (37) 

where 

Qi(I)=Qi(I)(Pt^Pt)- (38) 
Then we obtain 

P* = -P{, Pf = -P/, D* = D* . (39) 

In the c.m.system, the expressions (27) - (31) and (37) - (39) for £*>' lead to the 
following relations between the space components of the polarization vectors of the 
top and the antitop: 

fL = Sm (40) 
& = -d- (41) 

This result can be readily understood by applying the CP operator (and is also 
a check of our results): CP invariance implies = which is nothing but the 
result ( |4*D| ) for the tree level SM (i. e. CP conserving) contribution. Evidently, eq. 
( |41~D violates CP, being induced by dC and d z . 

Eq. (|3~9"D implies: 

A SM(Pi,Pl-,Pb) = ^ShAPuPl+^Pb), (42) 

A f d (pt,Pi-,Pb) = -AaipuPi+iPb), (43) 
AL(PhPi-,Pl) = -AL{PuPi+,Pb)- (44) 
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4. Triple product correlations 

Now we obtain the explicit dependence of the cross section of processes (|5]) and @ 
on triple product correlations of type (|IJ) in the c.m.system, the laboratory frame 
of the initial e + e~ beams. 

From (H) and (0) we obtain the cross section da 1,1 in the cm. system. 

da*'* = af M {1 + — - \{qiPtPi+) A? + {qiPtPb) Af 

1 - P{PtPi+) 1 

+ (ptPi+Pb) Af + (q^pi+pb) Af }dn t dn b dQi (45) 



where g e ,P t , etc. denote the corresponding unit 3- vectors. 
We have 



t,t « 2 ( g \ 4 P [m 2 t - 2( PtPl+ )} El Ef tf 
asM -^\2y/2) s m t T t m w T w m\ - m* w m^ " AsM ^ 

which is the expression for the SM cross sections of @ and (|6|). Here Ef, and E\ 
are the energies of the the b-quark and the final lepton in the c.m.s. 

_ m\ - m 2 w 1 

2E 1 - (3{ptPb) 

2 

1 2[E(l-P(p t p l+ ))-E b (l-(p bPl+ ))] { ) 

and E = y/s/2. For the asymmetries Ai we obtain: 

(49) 
(50) 
(51) 
(52) 

V s " l w 
where 

P- = ^[Gi + G 2 + /3cosflG 3 ] 
P + = ~[3G 3 + l3co8e{G 1 -G 2 )] 

D = ^[D 1 + Pcos9D 2 ] , (53) 



A t,i 


= T(3 


D rn t %mg R 
—Jii b r_ 


2 y/s m w 


Af 


= T p m *E b P* m9R 




A 


/s m w 


Af 


= -P 


mipp SmgR 




V s m w 


Af 


= ± mt E b P ^ 




V 


s m w 
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iV was defined in eg. ( 21 ) . 

In order to obtain the expressions (^5]) - (52) for the reaction @ (with the 
upper index t) also the replacements fl25|) have to be made. 



Notice, that only the correlation (qptP/) gets a CP violating contribution from 
both the production and the decay, whereas the other correlations are sensitive 
only to CP violation in the decay. From eqs. fl4~9| ) - ([52]) one expects that the triple 
product correlations discussed above are less sensitive to CP violation in top-decay 
then in ti production, because QmgR is multiplied by the SM-polarization P± and 
by Et/yfe. 

We want to remark that (q/ptpz), (qptPb) and (qzpzpb) do not change sign under 
the replacements ( ^5|) when calculating da 1 in the c.m.s., while (ptpiPb) changes 
sign. Together with eqs. (|4*9|)-(|52"|) this implies that a nonzero value of the difference 
of da 1 and da 1 would be the genuine signal for a triple product correlation induced 
by CP violation. 



5. Observables 

We consider two types of observables: 

(i) If N [(qptPz) > 0(< 0)] is the number of events in which (qjptpj) 
with analogous definitions for the other triple products, we define the 
T-odd asymmetries: 
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o, 



o 4 



N\ 


(qptP/) 


>0}-N[(q l p t p l ) 


<0] 


N 


(qptP«) 


> 0] + N [(q/PtPi) 


<0] 


N | 


(q/PtPfe) 


> 0] - N [(qiptPb) 


<0] 


N 


(qptpb) 


>0]+N [(q zPt p 6 ) 


<0] 


N | 


(ptPiPb) 


>0]-N[(p t p l p b : 


< o] 


N 


(ptpiPb) 


> 0] + N [(ptpipb) 


< o] 


N | 


(q/P/Pfe) 


>0]-N [(qiPiPb) 


<0] 


N 


(qp«Pb) 


>0}+N [(qip/Pb) 


<0] 



(ii) The other T-odd observables we consider are the mean values of 
product correlations: 

Mi = ((qjptp,)) 
M 2 = {(q/PtPft)) 
M 3 = ((ptPiPfc)) 
Mi = ((qzpipfe)) 



>0(<0), 
following 

(54) 

(55) 

(56) 

(57) 
the triple 

(58) 
(59) 
(60) 
(61) 
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The truly CP-violating effect would be a nonzero value of the differences: 

Oi = Oi-Oi (62) 
Mi = Mi -Mi (63) 

where Oi and Mj refer to (||) and Oi and Mi refer to reaction @. 

Some of these correlations (M.\ and M.4) have been considered previously in [|l|] 

6. Minimal Supersymmetric Standard Model 

In this section we shall give numerical predictions in the MSSM [|| for the observ- 
ables defined in the preceding section as well as for the quantities gH, d z , QmgR, 
and 

The SM contribution is too small to be of any interest to be measured. Due 
to flavour mixing of the three generations of quarks d % is a two-loop effect. The 
contribution to ^smgn has been estimated in Jl2| . 



In the MSSM d 1 , d z and Qmgji are generated at one-loop order, irrespectively 
of generation mixing. The main contribution comes from diagrams with gluino and 
scalar quarks in the loop, as shown in Fig. 1. The CP- violating phases 4>a and <fig 
appear in the stop- squark mixing matrix and in the Majorana mass term of the 
gluino, respectively 

The dipole moments are determined by the gluino - stop exchange loops in the 
tij and tiZ° vertices (see Fig. 1) and are given by the following expressions: 

d 1 a 2 

— = ^-rh g sm26sm(<j )A - ( J )§ )iI 11 -I 22 -2(r n -r 22 )} (64) 
m t o7r 3 

— = ^-m 9 sin26'sin(0 A - fe) V (\a^\ 2 - ^sin 2 ^) 
m t 3n n \ 3 / 

x [I ln - I 2n - 2 (I' ln - I' 2n )\ (65) 



The CP-violating phases enter only in the combination <Pa~ 4>§- 6 1 is the stop - 
mixing angle which transforms the stop mass eigenstates t n , n = 1,2, with masses 
mi , to the weak eigenstates and t^. 



tL = exp(— i(f> a/ 2) (cos 9 tx + sin 9 12) = ■ t n (66) 
t R = exp(i(f) A /2) (- sin 9 ti + cos 6 1 2 ) =a%-t n . (67) 
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We have also used the notation: 

d A k 1 1 



7T 2 k 2 - m 2 g ( Pt -k) -ml (pt + k) - m 2 m 



(6* 



J vr 2 - m 2 fa - k) - m 2 (pf + fc) -m^ 

where Q = pt + Pt and m„ = m~ tn , m, n — 1, 2. 

The CP-violating contribution to ^smg^ from the gluino-stop-sbottom loop 
(see Fig.l) reads: 

= -^m 9 sin 20 sin(^ - § ) [h - I 2 - 2 (I[ - l' 2 )\ (70) 

Here J„ and 1£ are obtained from flB8| ) and flB9|) by replacing pj — > — p fe and 
m m — * mg , being the &£, mass. In obtaining (|70|) we have neglected the mixing 
of the scalar-bottom eigenstates. 

We have studied the dependence of Smrf 7 , ^smd z , ^smg R , and the CP 
violating quantities 0« and Mj on the top-quark mass m t , and the SUSY 
parameters m§, and In our numerical analysis we have assumed max- 

imal mixing, sin26 l = 1, and maximal CP -violation, sin(0yi — 0§) = 1. In 
the presentation of our results we choose the following set of reference values: 
yfe = 500 GeV, m t = 175 GeV, m g = 200 GeV, m h = 150 GeV, m h = 400 GeV, 
and mi = 200 GeV. In the figures below we show the dependence of Qmd 1 , Qmd z , 
Qmgn and the quantities O, and M, on one of the parameters, with the other 
parameters being fixed at their reference values. 

We first show in Figs. 2a, b, and c the dependence of the Qmd 1 and Qmd z on 
the beam energy y^i, and on m g and m^, respectively. Typically they have values 
in the range 10~ 3 — 10~ 2 . 

Figs. 3a and b show the dependence of Qmgji on the SUSY parameters m- g and 

. Roughly, Qmg R is an order of magnitude smaller then the dipole moments 
( Qmgpt « 10 -4 — 10 -3 ). As can be seen, the dipole moments Qmd 1,2 and Qmg R 
exhibit a rather strong dependence on m\ x , changing sign at m% x = 400 GeV. ( For 
our particular set of chosen parameters = 400 GeV corresponds to m% x = mf 2 . 
At this point eqs. fl64]) and (|70| ) immediately lead to Qmd 1 = and ^mg^ = 0; eq. 
fl65| ) implies Qmd z = 0, but only for the considered case of maximal mixing. ) 

Figs. 4a, b, c and 5a, b, c exhibit the dependence of the CP - violating quantities 
Mi, and Oj, i=l,...,4, on y/s, m g and m^. Note that the observables Oi and M.i as 
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defined in eqs. fl62|) and (^) are Oi = 20 \ and A4i = 2Mj. Above the threshold 
region and up to y/s ~ 1 TeV the Mj and the Oi are only weakly dependent on 
s. O2, O4 and M4 are the largest. Their values are of the order of 1CT 3 . The 
dependence on m g and raj reflects the dependence of Qmd' y,z and Qmgn on these 
parameters, changing sign at raj = = 400 GeV. 



7. Concluding remarks 

Here we have considered T-odd triple product correlations and corresponding asym- 
metries for ti production in e + e~ annihilation with subsequent semileptonic decays 
of t or t. 

The contribution to the T-odd correlations induced by possible CP- violating 
interactions have been studied. T-odd CP-violating observables O iy eq. (|62|), and 
Aii, eq. (|63|) , have been defined. Numerical predictions within the MSSM have been 
given, and their dependence on the SUSY parameters and y/s has been presented. 
Our analysis shows: 

1. Above threshold there is only a weak dependence on a/s. The quantities O2, 
O4 and A^4 are larger than the others. Their values at ^/s = 500 GeV are of the 
order of 10 -3 for < 200 GeV and rrig < 500 GeV. Note that the observables 
and A^4 have also the advantage that they involve only the momenta of the t and 
i decay products. 

2. There is a marked dependence on mj . At mi = m~ t2 both Oi and M.i change 
sign. 

3. The observables Oi and Aii considered exhibit less sensitivity to CP violation 
in top decay. This is due to the fact that i) QmgR is smaller than <i 7,z , and ii) the 
contribution of ^smgn to Oi and A4i is proportional to the degree of t(t) polarization 
induced by the SM. 
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Figure Captions 
Fig. 1: Diagrams inducing CP violation in top production and decay. 

Fig. 2: The imaginary parts of the dipole moments Qmd' 7 and Qmd z as a function 
of (a) y/s/2, (b) rrig, and (c) m^, for m t = 175 GeV, m ( - 2 = 400 GeV, 
m h = 200 GeV. We have taken yfl = 500 GeV in (b) and (c), m- g = 200 GeV 
in (a) and (c), = 150 GeV in (a) and (b). 

Fig. 3: ^smg R as a function of (a) m§, and (b) mj; , for y/s = 500 GeV, m t = 175 GeV, 
m h = 150 GeV, m h = 400 GeV, with m~ H = 200 GeV in (a) and m g = 
200 GeV in (b). 

Fig. 4: The CP violating contribution to the observables Mj, % — 1, .., 4, as a function 
of (a) y^s, (b) m g , and (c) m^, for m t = 175 GeV, = 400 GeV, = 
200 GeV. We have taken y/s = 500 GeV in (b) and (c), m g = 200 GeV in 
(a) and (c), = 150 GeV in (a) and (b). Mi (full line), M 2 (long-dashed), 
M 3 (short-dashed) , M 4 (dashed-dotted) . 

Fig. 5: The CP violating contribution to the asymmetries O i: i = 1, .., 4, as a function 
of (a) y/s, (b) m g , and (c) m^, for m t = 175 GeV, mf 2 = 400 GeV, m~ h ^ = 
200 GeV. We have taken yjl = 500 GeV in (b) and (c), m g = 200 GeV in 
(a) and (c), = 150 GeV in (a) and (b). 0i(full line), 2 (long-dashed), 
3 (short-dashed) , 4 (dashed-dotted) . 
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